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WdtiQig scheme for an optical teccod^ 



The present invention xelatea to a method and appanatus for writing on an 
optical recoiding medium, e.g. an optical disc or card, using multi-^mensionai coding. This 
wxlting scheme could be used for pioyi<fing a multi-level coding function. 

Both magnetic and conventional optical data storage technolo^es, wh^ 

5 Individual bits are organized along trades of a l-dimensional (1-D) character, and which ate 
stoied as distinct magnetic or optical changes on the surface of a recording medium, are 
appioaching physical limits beyond which Individual bits may he too small or too difficult to 
store. Storing inforaiation throu^out (he surface of a medium— not just along 1-D tracks^ — 
offers an intriguing hl^-capadty alternative. 

10 Fig. 1 shows rypical coding and signal processing elements of a data storage 

system. The cycle of user data from input DI to output DO can include interleaving XO, ^or- 
correction-code (ECC) and modulation encoding 20, 30, signal preprocessing 40, data storage 
on the recording medium 50^ signal piclc-up and post-processing 60, binary detection 70> and 
decoding 80, 90 of the interleaved ECC. l&e ECC encoder 20 adds redundancy to the data in 

15 Older to provide protection fmm various noise sources. The ECC-encoded data are then 

passed on to a modulation encoder 30 which adapts the data to the channel, i.e. it manipulates 
the data into a form less likaly tobe cormptedby channel errors and more easily detected at 
the channel output. The modulated data, i.e. chaund bits, axe then input to a writing or 
mastering device, e.g. a spatial lig^t or election beam modulalDr or the like* and stoied on the 

20 recording medium 50, e.g« optical disc or card. On tiie receiving aide, a leading device or 
pick-up unit comprising e»g. a partitioned photOrdetector, or an array of detectors, which can 
be 1-D or even 2^D as in a cbai^ge-coi^led device (CCD), converts the recdved radiation 
pattern reflected &om the recording medium SO into pseudo^alog data values which must 
be tiansfonned back into digital data (typically one bit per pixel for binary modulation, but 

25 Ix^iM) bits per pbcel for multi-level, or ikf-ary modulation). Thus, the first step in tills 
reading process is a detection and post-processing step 60 comprising an equalization st&p 
which attempts to undo distpdions created in the recording process. Hie equalimtion step oan 
be carried ont in the psendo-analog domain. Then the array of pseudo-anadog values is 
converted to an array of binary digital data via a detector 70. The array of digital datais then 
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p^sed fixfit to the modtilalion decoder 80» which peifbnns the inveaise operaHon to 
modulation encoding, and then to an ECC dseod^ 90. 

Inteipixol or intersymbol interf erence (^J) is a phenomenon in which ttie 
signal wavefonn at one paztioular pixel is contaminated by data at neaAy pixels. Physically* 

5 this arises ftom the band-limit of the (optical) channel, onginating from optical Effraction, osr 
ftom time-varying abenrations in the optical pick-up system, like disc tittt and defocus of the 
laser beam. An approach to cOTabadzi^ ^h an Interfeimice is to forbid certain patterns of 
high spatid frequency via tbe modulation coding. A code that foitdds a pactmi of hi^ spatial 
ftequency (or, more gen^-ally, a collection of such patterns of rapidly varying 0 and 1 pixels) 

10 is called a low-pass code and can be used for modulation coding/decoding at the modulation 
encoder 30 and decoder 80, Such modulation codes constrain the infomiation written in a 
two-^xn^sional area (like in the allowed pages of a holographic storage) to have limited 
high spatial frequency content Another property of these 2-D codes is the increase in the 
eye-opening of the (digital) eye-pattern* 

15 Two-dimensional codes with low-pass filtering characteristics are of Interest 

as modulation codes for novel two-dimensional and/or volumetric optical recording schemes. 
But 2-D coding can also be a key issue for new routes that a3fe closer to more conventional 
types of optical reconiing, ©.g. based upon reflective optical disc technology, using coherent 
dif&aciion of two-dimyensional patterns (marks) recorded on a two-dimensional area of a card 

20 or a disc. In the prior art, coding on square lattices has been considered. In particular, the 
capadity of checkerboard codes has been studied in W- Weeks, R.E. Blahut, 'The Capacity 
and Coding Gain of Certain Checkerboard Codes^ IBBE Trans. Moim. Theory. VoL 44, No. 
3, 1998, pp 1193-1203. Hiere^ various checkeiboaxd constraints have been considered on a 
squaie lattice to achieve a low pass characteristic and liuis reduce the effects of inter-symbol 

25 interference QSl) during read-out and detection of channel bits. 

In 2-D optical data storage, effects (e.g. pits or lands) are written in such a 
manner tiiat the infonnation content results not only fiom the coizelaJi<ms of the ^fects in the 
tangential direction of a disc as in the case of 1*D optical storage, but also from the 
conflations between effects written in the radial direction. Thus, the 2-D area of the 

30 recording medium is f uUy exploited. In other words, the specific filling of sites on a 2-D grid 
determines the iiif ormarion content of llie information layer. 

As an example, a2^D coded medium can be ananged as ahexagonal grid 
lepresentlng positions of the channel bits. The channel bits are formed as £dt regions or pit 
effects and land regions or land effects arranged on predetermined surface areas of the optical 
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mf^i^i^ Tn ctMiti^^t to a 2^D coding on sqiiate lattices, the h^gonal coding geometry may 
lead to mote effid^ sttn:age> and liiiis hi^w storage densttles can be achieved. 

However, there is a Ut-detectLon problem in 2^13 coding, whlcb is typical for 
coherent signal generation. Hgs. 2A and 2B show a schematic view of a 2-D hexagonal grid 

5 comprising a plurality of channel bit areas Ooqaesented by h^tagons for simplidty), wberdn 
white areas indicated land effects and shaded areas indicated pit eCfects. Ibw. in Fig. 2A^ a 

atioa spot LS of the pick-up unit used for reading the irrfotmadon sttsied or written on tihe 
optical medium is fully reflected at the continuous large land portion (e.g. at zero level) 
formed by adjacent land effects. Similarly, as indicated in Hg, 2B, a large pit portion (e.g- 

10 below zero level) may be formed by adjacent pit effects. However, the reflection signals fram 
the large land pcxrtion, i-e* mirror portion at zero-level, and ftom the large pit portion, i,e. 
mirror portion below zero-level (e.g. at dq?th of around or equal to W4, where X denotes the 
wavelength of the radiation used for reading, adapted for the index of refraction n of the 
material used for the substrate layer of the disc), are completely idesnlloal. Thus, the two 

15 binary levels cannot be distinguishad at detection. Hie above pmblem may occur in 2-D 
coding, since there is no dif&action at all for a focused laser or ottier radiation spot wliich is 
incident on a large pit area or on a large land area, as shown in Pigs. 2A and 2B. Both beihave 
as ideal mirrora. In particular, a specific pit effect may be surrounded not only by six 
neighbouring pit effects but also by next-nearest neighbour pit effects, which results hi 

20 signals that are sunilar for larg^ fdt-areas and large land-aieas, an etSoct tiiat is commonly 
known as folding. 

As shown in Hg. 3. such a folding effect may also occur in 1-D coded optical 
mediSt 1a case pit effects (shaded areas) are written too wide in the dkecticm perpendicular to 
the recordmg direction or track (indicated by an arrow in Hg. 3). Furthennore, this problem 

25 of dgnal folding may also occur when reading for instance a C3D disc with large pits with an 
optical pick-up unit used in a DVD-drive (without further deterioration of the spot quality, by 
e,g. lowering of the Numecical-Aperture, NA)» due to the fact that the CJD-plts are much too 
wide for the resolving pow» of the DVD laser. The enlarged pit effect leads to a 
considerably reduced dlfiBraotion in the radial direction, and tiims to aconsidereiblaxellection 

30 or signal level of the radiation beam, as shown by a respective peak (indicated by the dotiBd 
arrow) hi the signal diagram hi the lower part of Hg. 3. This signal diagram schematically 
mdicates a time-dqpend^ait level of the oulput sigjaal of the pick-i:?j unit, when the radiation 
spot moves along the track dhection. 
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In tiifi lecording of 1-D encoded data, folding can easily be pcevented by 
ta&ing paie that Ifoe xviddi of the pit effects is kqpt within an acceptable range. Then, the 
folding probl^ does not arise beoause the spot diameter is always larga than the radial 
width of a pit effect and diffraction always occuis ui &e radial dixection. The reflected light 
5 iieam Ifaezef oie looses enough intensity by dif&action outside the central aperture. 

Jn 2-D coding schmies, lat^ areas of channel bits of the same type 
conventionally have been avcdded by introducing a high-pass constraint of the 2rl> channel or ' 
modulation code, lids constraint can be realized by a single parameter leading to high-pass 
charact^tics of the 2*D code. In particular, the parameter may indicate the mlnimiiTn 
10 number of nearest ndgjhibours that must be of Ihe opposite bit type or bit state compared to 



the bit value of the channel bit at the central site of a cluster. Thereby, ttie number of pit 
effects adjacent to any one pit effect on the medium can be controlled* Kowev^» such a high- 
pass constraint leads (for identical physical dimensions of the hexagonal lattice) to a loss of 
user data density which can be wntten on the 2-D coded recording medium. 

15 It is therefore an object of the present invention to provide an improved 

writing scheme by means of which user data density can be incieased in niulti-dlmensicmal 
coded optical recording media. 

This object is achieved by a wnting method as defined in claim 1, by an 
apparatus as defined in claim 16, and by a record cairi^ as defined in claim 19. 

20 According to the invention, the folding problem can be prevented or alleviated 

during the writing or masi^rlng process by realizing marlcs, e.g. pit effects, ajs incomplete 
marks, which do not fmn large miiror surface when combined in clusters of adjacent pits. 
The incomplete marks may be obtained by modulating the shape of pit effects in any manner 
suitable to reduce Ihe reflection surface and/or to increase diffraction* Additionally, a multi- 

25 level coded information can be written by controlUng the shape or si2;e of a idngle incon^lece 
marlc in a pcedetomined cluster in accordance with the level of a multi-level coded 
information. FiirthennoFB, the multi-level coded information may be written by ustaig a 
bhiary modulation, i.e. by forming a cluster pattern cxf incomplete mari^ on each cbarmel bit 
area and controlling die pattern In accordance with the level of Hie multi-level coded 

30 information, similar to a dithering process* 

Other advantageous finther developments are defined in the dependent clauns. 
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In the foUomag, a {OBftoed embodiinents of ibe piesent invealiQa mU be 
d^dbedin greater detail vAthxeference to flie aoccnnpaiiying drawing figoxes to wUch: 

Hg. 1 dtow» a schematic diagram of coding and processing demente of a data 
storage system in which the pv^eat invention can be applied; 
5 Hgs« 2A and 2B show exanq>les of larg& bit and land portions^ respectivdy, 

formed In a hexagonal gdd of diannel bit positions in a 2-D coded recording medium; 

Hg. 3 shows a folding effect as generated due to an enlarged pit in a 1-D 
coded recording medium; 

Hg. 4 shows an incomplete pit effect with a pillar in a substantially cmtral 
10 portion according to a Sist pieferred embodiment of die present invention; 

Hg. 5 shows the hexa^nal lattice which Is an ordering pattern of pit are^ in a 
hexagonal 2-D coding scheme: 

Hgs. 6 A shows a writing scheme for land and pit effected wherein an 
incomplete pit effect is formed as a circular pit hole in a substantially central portion of die 
IS corresponding pit area in a substantially central portion^ according to a second prefened 
embodiment of die present invention; 

Fig. 6B shows a perspective view of the incomplete pit effect according to the 
second prefened embodiment; 

Hg. 7 shows a sch^natic diagram indicating signal levels to be expected for 
20 binary modulation at a certam disc capacity, and 

Fig^. 8 to 11 show diagrams indicating the effects of a change in the shape of 
the incomplete pit effects on the obtained codhig level. 



25 The preferred embodiments of the present invention will now be described on 

the basis of 2^ coding scheme in which a quasi-hexagonal lattice is used. 

It is known in crystallography that hexagonal lattices provide the highest 
pacldng fraction. Por instance. Its packing fraction is l/cosCSO*") s 1.155 better than tiiat of a 
square lattice with the same distanoa a between nearest-neij^bour lattice points. The latter 

30 distance a may be determined by the extent of a two-dimensional inipulse xespome of die 
two-dimensional channel used for writing to the optical medium e.g» by conventional 
reflective-typB of optical recording with coherent diffiraction in two-dimmsions* 

Anotiier advantage of using an hexagonal lattice compared to die use of a 
square lattice, is the most critical spatial ftequency of lattice bit-planes in tiiese two lattices. 
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The most ciitit^ fiBquenoies are the diagonal lattice planes, Whrai using a criterion fliat this 
most critical fiequency is just at flie cut-off ficequency of the chaimel transfer function (MTF) 
of the optical channel, Ibe size of a user bit on the disc can be identified. Using this cnterion j 
of the most critical ficequency at the Cttt-off of the chaanel, for sinapUcily for the imcoded 2-D 
5 modulation case, for the hexagonal lattice, flie siae of a user bit amounts to Sai. = 1/ (2 VS) 
p^/C2 NA)f , where» for the squsfe lattice, the size of a user bit amounts to Sj^. = 1^ 1^(2 
NA)f . TWs represents a factor of 73.2 % Wghfflr efficieniry for the hexagonal lattice than for 
the squais lattice. 

Accordmg to the present invention, the problem of reduced dif&action or | 

10 increased re flection at lai^e pit portions is alleviated or removed by a new f omi of write \ 

strategy, where the shape of die pit aieas or effects is modulated in a predetennined manner 

during the writing or mastering operation of the optical medium, e.g. optical disc or card, so 

as to obtain an incomplete pit effect as compared to the size or shape of the land effect Jxi \ 

general, the pit shape is modulated in such a manner tiiat tiie level of a read-out signal 

15 reflected at the incomplete pit effect and received at the pick-up unit is reduced. This can be 
achieved in various ways. On the one hand, tba width gc shape of tiie pit effect can be 
chan^ sudi that a clnst^ of adjacent pit effects as shown in Hg. 2B does not lead to a large i 
ncdxrar portion but to a number of smaller pits or pits with an irregular sh^e, separated by 
lemjdning land portions by which tiie signal generated by the read-out radiation beam is 

20 reduced, since die xead-^utiadkticm beam is difEUsed or dif&acted (in a plur£dil7 

directions). On the oflier hand the bottom sux&ce of the pit effects can be modulated e.g. by 
introducing one or a plurality of protrusions, o-g. pillars, or holes or any other regularities or 
iiregolarities, by which the neRecAoA of the leadrout radiation beam Is reduced or by wMcb j 
the read-out radiation beam is diffused or diiE&acted. i 

25 Fig. 4 show a schranatic view of an incomplete pit effect according to a first 

preferred embodiment, whecdn a cylindrical piUar P is formed substantiaUy m 
portion of Ilje respective pit effect The top of tiie pillar P forms a land area left over. In tiie 
piMOTt case, tiie edge H of the renaming land area has a circular shape. HSowefver. tij© edge H 
may as wqU have any otiier almost cinmlar shape. 

30 The incomplete pit effect wifli tiie pillar P in the center prevents folding in 

case of too many adjacent pit effects in a-D coding according to Mg. 2B. It should be noted 
that flie hexagons in Fig. 2 reflect the separate bit cells, but that tiie large naastered pit of Fig. 
2B wai have an almost circular boundary. The pillars P lead to a diffraction of tiie incident 
radiation, e.g. laser mostiy outside the pagal or lem of flie detection system at tiie pick- 
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iq> unit Thereby, the intensity of the central ^erture signal is reduced when the radiatibn 
Ijeam is incident oa Jargp pit aieas . In case of pit effects with less than six pit nel^abora, the 
si2e of the pillar P can l»e adjusted so as to substantially Iceep constant the degree of 
modolation of the readout sigoaL In this sense, moiB complex write strato^ea can be 
devised, which depraid on the bits writtm in w^jacent bltrcells, and which aina. for instance, 
to keep th& charactpiatics of the tolal channel (write-channel + lead-channel) snch tiiat a 
Unear channel transfer function is achieved as much as possible. 

The mastering of such an incomplete pit effect can be done, fbr example, by 
means of a kind of hollow-cone electron beam or by means of a hi^ resolnllOT writing beam 
scajmed according to the shape of the pit effect, e.g. in a circle, to write fee pit effect wife the 
pillar P substentiaBy in the cent^. For such a writing or mastering operation, a writing 
equipment, e^g. an electron beam mastering equipment, is required preferably with a 
resolution of at least four times the resolution of fee read-out eqiiipment- 

In case of the two-dimensional cocBng, fWl-sized hexagonal clusters arranged 
in the bulk of fee hexfi^onal lattice have seven bit positions or sites, one central site and six 
nearest-neighbouring sites. For reasons of simplicity, fee terminology *Taexagonal cluster'' is 
used, also when reference is made to a quasi-hexagonal cluster of bits on a quasi-hexagonal 
lattice. 

Rg. S shows an ordering pattern for descnbing fee locations of incomplete pit 
effects in the hexagcmal duster wife respective location vectors (n,m), wherein the 
parameters n and m may be set to fee values •^O" or As an example, according to 
Hg. 5, the location vector (0,0) designates fee central pit effect- The parameter n indicates fee 
horizontal location and fee parameter m indicates fee vertical location- Purfeermoie» a side 
kngfe a' of fee hexagon, adiameterft of apillar or hole portion, and the distance a between 

nearest-nei^bour lattice pdnts are indicated in Hg, 5, wherein and fee channel bit 

surface area 5^ • 

Fig. 6 A shows schematic top views of a land effbct and an itjoomplete pit 
effect according to an example of fee write schraae of fee present invention. In fee first 
preferred embodiment, fee dark circular portion of fee incomplete pit effect indicates fee 
pillar p. 

Alternatively, according to a second prefecred embodiment, fee dark circular 
portion may as well represent a small droular pit hole arranged in a substantially central 
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portion of the channel bit area allocated to the pit eiEfect Thus, the incojoplete pit effect is 
formed by a remaining edge portion at land level and a central pit hole with a lower bottom 
level. Bg- 6B shows a perspective view of the inconiplete pit effect, wherein the arrow 
indicates the depth of the pit hole, i.e, the distance between (he land level and the lower pit 
5 level- It is clear that such a pit hole surrounded by the remaining land level also leads to a 
reduced reflection in case a plurality of such incomplefte pit effects are arranged adjacent each 
olhi^ in a cluster. 

As an advanl^eous modiftcation of the present invention^ the size or shape of 
the incomplete pit e^cts according to the first or second preferred embodiment may be 

10 varied in a systematic way so as to write a mtilH-lftvftl cntieA iTifntmflrtnfi ThnR, fhft -turitP 

Strategy of the preset invention can be used to provide a multi-level coding of information. 
During the read-out operatic^, the level of reflection of die radiation beam at each bit , which 
lead^ to a signal value out of a plurality of values* is decoded to obtain a corresponding level 
of the multi*level coded information. It should be noted that (tiispluiaUty of values are ttie 

15 multi-levd values that were aimed at the ^od^ aide. These values are fturOier a£fected by 
noise, and by intersymbol-interfeience. 

Xn other words, each single incomplete pit effect may be used for writing 
information from a set of user bits Clog2CM)) via a multi-level coding. Thus, the sh^e or size 
of the pillar or hole portion of each single pit effect is controlled in accordance witii tiie level 

20 of the multi-level coded information to be wiittm. Ibeteby, the reflection level at each 
individoal pit effect can be controlled to write tiie diffex^t levels of the multl4evdl coded 
infi^ation. 

For binary modulation on a 2-D hexagonal lattice, Hg. 7 shows a schematic 
diagram indicating fourteen diffetent patterns of hexagonal clusters and their respective 

25 levels of reflection. In die left group of cluster patterns, the central chamiel hit CB is set to 
''O*^ (i.e. a land effect is arranged in the center), while in the right group of cluster patterns, 
the central channel bit CB is set to '^1*' (i.e. an incomplete pit effect is arranged in the c^ter). 
As can be gathered ftom Fig. 7, the reflection level decaceases witii increasing number of 
incomplete pit effects. PaiticuLaily, Rg. 7 indicates signal levels to be e^cpected for binary 

30 modulation at a certain disc capacity increased compared to the 1-D capacity with a 

substantial factor), where the different signal levels are determined by the tmmber of neairest-^ 
neighbouring pit-bits and/or land-bits, which 1^ to intersymbol-interfetence at the c^icral 
bit of the hexagonal clusters dmwn. In this way, a multi-level coded information may as well 
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be written by selecttng a duster pattan in accoidancB with the level of tibe mulli-lovel coded 

informatioii to be written. 

Kgs. Stoll show the eftert of a change in the diameter of lh©ce«tralpi^ 

portion far the fourteen cluster patterns of Hg. 7 in case of a distance a = IGSonx and a DVR 
5 (Digital Video Recording read-out equipment (X=405ian, NA>a0.8S). This coitesponds to an 
increased capacity compared to 1-D-DVR (code rate 2/3; channel bit length = 75 mm track 
ptoh ss 320 nm) with a factor of 1.40x (assoming a broad spiral of 11 trades with a guard 
band of a angle bit row, leading to an efBdency of 1 1/12). In particular an increased signal 
folding is apparent in Pig. 11. Tb& horizontal axis indicates cluster pattern numbers 
10 r^iBsenting the dusters of Fig. 7, while the vertical axis indicates the relative HP dgnal 
level of the read-out signal in relation to the maximum reflection leveL Ihe HF signal levels 
have been obtained by (very realistic) scalar diffraction calculations. In particular, die cbmet 
pattern numbers 0 to 6 correspond to tihe left group of clusters shown in Rg. 7, i.e. the duster 
pattexns with a land effect in the center, wMIe the cluster pattern numbers 10 to 16 
IS cQEtespond to Ihe ri^t group of clusters shown in Hg. 7, i.e. tibie duster pattepjs widi an 
inconq)lete ■pX, ^&xA in tibe center. 

In W ga - 8 to 1 1, the diameter b has been set to 50nm, 60nm, 70nm and 
82.5imi. tespectivdy. The results of Kg. 8 indicate a neatly linear behavior of the leflectiotx 
level over the whole rar^ of dustexr patterns, nius, a good contrd of the rBfleotion level by 
20 the nipnber of incomplete pit efftscts can be achieved for both pattern groups^ 

pattern groups diow a behaviour with ahighest possible similarity, redodng the effect of 
land assymetry which is typical in any optical recording. The shnilar behawiour leads also to 
a rim<iiir dependency on the ndse in the ohannd, with respect to detectiaa of bofii Qlpes of 
bits C'0"-Wte. whidi are land*its and 'T'-Wts, which are the incomplete pit-bits). So, in that 
25 sense. Kg. 8 and 9 (wifeout a visible signal folding ate also optimal in terms of identical 
sensitivity of both types of bits to any diannel errors. Futther. the signal folding is largely 
avdded foe flie conditions of Kgs. 8 and 9, which in^lies that flie overall chann^ behaves 
almost Unearly. Si^ial folding is in feet a 2^ order channd noa-linearity. Avoidance of 
channel non-Bnearity is also benefidal for aimpUdty of detection algorithms and electronics 
30 afilifireceiver(bit^ietector).TherBsultBof Kgs.9and lOindlcateagoodperfoc^^ 

the cluster patterns 0 to 6, while the range and linearity is reduced for the duster patterns 10 
to 16. Jn particular, f dding starts at duster pattern 16 of Kg. 10. The reason therefore is the 
large total reflection signal obtatoed by the large total reflection area generated by the sum of 
the relatively large land potflona of eadi hwomplete effect within Ihe "all pit duster**. 
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Finally, the lesults of Pig. 1 1 indicate that folding occurs in both groups of 



cluster patterns, i.e. for cluster patterns 6 and 13 to 16. Thus, the diameter of the pillar portion 
is too large to enable sufficient control. 



5 coding can be used in any reflection based data storage system. Particularly, the invention is 
also intended to covct all kinds of record carriers, e,g. optical discs, used in such data stone^e 
systems, on which an information is writtra or stored by using the described multi- 
dimensional coding sch^e. Furthermore^ any kind of shape modulation can be u$ed for 
obtaining incomplete pit effects with a reduced reflection characteristic or an increased 

ID diffraction characteristic^ MofeovCT, in re-writah1fi s yAtftirtB, thPi mndnlfltirtn nnr nbtajaofUiy- 
a physical depth differi^ce between pit-marks and land-marks, but by di^Bxenoea in 
reflection levels betwem amorphous areas and poly-crystalline areas. The writing strategy for 
2rD writing in phase-change xecording can be done along the same lines by changing the 
shape or stcuctuie of the amorphous or poly-crystalUne areas, whara the pillar or pit^hole in 

IS ifae centre of a pit-bit may canoespond to a small amorphous maxk. Bonbermore, it should be 
noted that a hole generated in a mastering process may conespond to a pillar on the produced 
optical disk or card. The invention is thus intended to coveaf any modificarion within the 
scope of tibie attached claims. 



It is noted, that the described hexagonal-lattice based multi-dimensional 
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CLAIMS: 



1. A mefliod of writing an infomiatioii to an optical leccwding medium (50) by 
ftHiniDg njuitk areas conesponang l» a piedeter^^ 

XBCocding surfece of said optical xecorcKiig medium, said method comprising th© step of 
adapting said fonnJng step to modulate the shs^ of said marie ateas in a predetBtmined 
5 maimer so as to obtsiin incompleta marie aieas which do only partly cover the area of lixe 
medium associated Witt tibie channel hit to be written. 

2. A nielliod according to daiml.whMdn said sluq^ of said maik areas is 
modulated to obtain a reduced x^ectioii ax said marie area. 

10 

3. Amettodaocordii)igtocla]m2, wheidinsaidmaricaieaisapitarBa, anda 
piotrodiag portion is genexated substantially In tbe centor of said pit area. 

4. A m^od according to claim 3, whereto llie top le^on of said piotrodiAg 
15 portion is adapted to fonn a land levd portion aubstantiaUy in the center of said pit area. 

5. A method according to claim 3 or 4, wherein 1hesi2» of said ptotnidi^ 
portion is adjusted based on die ^ of a total pit area formed by a«5 acent pit areas. 

20 6. A method according to claim 1 or 2. wherein said mack area is a int area, and a 

hole is generated substantially in the center of said pit area. 

7. A meihod accordtog to claim 6, whet^n the size of said pit hole is adjusted 
based on the size of a total pit area formed by a<y acent pit areas. 

2S 

8. A method according to any one of claims 1 to 5, whef^ said incoii5)let6 marie 
area is f ormued by a focussed electron beam or a f ocusaed laser beam. 
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9. A method accordHng to any one of claims 1 to 7. wherein sdd optical 

xecording medium is a phase^^hangs roooxding medimn and said incomplete mark axea 
coxtpdses a small amorphous mark. 

5 10. A method according to any one of the pieceding claims, wheiidn said optical 

recording medium (SO) is a two-dunensionaUy encoded medium. 

11. A method according to claim 10, wherein said incomplete pit area is anranged 

in a hexagonal grid of a two-dimensional coding scheme. 



10 



12. A method according to any one of the preceding claims, wherein said method 
is used for mastering a record carrier (50). 

13. A method according to any one of the preceding claims, wherein said 

IS hiformation is a multi-level coded information and wherein said shape of said incomplete pit 
area is modulated in accordance with the level of said multi-level coded information. 

14 A method according to any one of claims 1 to 12, further comprising the step 

of forming a cluster patt^ of said Incomplete marlcs on each channel bit area and controlling 
20 the pattern in a^^cnidance with the level of a multi-level coded informatibn. 

15. An apparatus for writing an infomiadon to an optical recc^ding medium (50) 
by fonnmg mark areas corresponding to a predeterroined state of said information on a 
tecordbig surface of said optical recording medium, said appaiafiis betog adapted to modulate 

25 the shape of said mark areas in a predetermined maoner so as to obtain incomplete mark 

areas which do only partly cover the area of the medium associated with the channel bit to be 
written. 

16. An apparatus accor<fing to claim 15. when^ said mark area is a pit area and 
30 said apparatus is artanged to form a pillar portion or a hole wllhin said pit area. 

17. An apparatus according to claim IS or 16. wherein said apparatus is arranged 
to write a multi-level coded information by controlling the shape or number of said 
incomplete mack axeas in accordance with the level of said multi-level coded information. 
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1 g , A lecord carrier on which an inf onnatioxi is written in the f onn of maxk areas 

ccsnesponding to a fuedeissnniiied state of said M rauotion^ wher^ the shape of aaid natk 
area^ Is modulated In a piedetemdned manner so as to obtain incomplete mark axeas which 
5 do only paitly cova the aroa of the medium c^ociated with the chamiel bit to be written , 

19. A record caniw accorcBng to claim 18, wheiein said incomplete mark area is a 

pit area coniptiaes a pillar portion or a hole. 
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20. A record carci^ according to claim 18 or 19, wh^^ said infonnation is a 

multi-level coded information, and wherein the shape or number of said incomplete marlc 
ateas defines a level of said icmlti-level coded infoimationi 
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ABSTRACT: 



The present inventLon relates to a writii^ scheme for writing m inf onnation to 
an optical recoiding medium by fomiing mark areas, eg. pit areas, coirespoading to a 
predetenmned state c£ said informalioti on a recoiding surface of said optical recording 
medium. The writing scheme is adapted to modulate the shape of said marlc aieas in a 
5 predetermined manner so as to obtain incomplete xnsitk. aieas which do not fully cover the 

^ w h ich is-aiBo cate4 to the ohflnncl bit to be writte n . The r eby, t he px oblem o f folding can 

be pievCTted or alleviated during the writing or mc^textng process due to the fact that Hie 
Incomplete marlc areas, e.g. pit effects, do not form large mircor surfaces ivhen combined in 
dusters of a^acent pits. The incomplete mark areas may be obtained by modulating their 

10 shape in any manner suitable to reduce the reflection surface and/or to increase dif&actiont 
Additionally, a multi-level modulation or a binary modulation may be achieved by 
contcoUing the shape or number of the incomplete mark areas, respectively, in accordance 
with the level of a multilevel coded inf omiatioiL 



IS [Fig. 6A] 




FIG.2A 



F1G.2B 
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^ ix"r 

♦ 4x"1" 
♦ 5x"1" 

♦ ex-r 

CB = "0" 



CB = "1" 



^ Ox"1 

♦ Ix"!" 
♦ 2X"1" 
♦ 3X*1" 

♦ 4x-r 

♦ 5x"r 
♦ 6X«1" 



FIG.7 
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